Background: Knee osteoarthritis (KOA) is the most common cause of a painful joint, and it is associated with significant health economic consequences. About literature, KOA is usually diagnosed according to changes seen on conventional radiography, but the radiographic features of OA do not correlate with its symptoms. Nowadays, ultrasonography is becoming a non-invasive imaging tool for OA in the clinical setting. Thus, the purpose of this study was to evaluate the correlation between musculoskeletal ultrasound (MSK US) and the Western Ontario and McMaster University (WOMAC) osteoarthritis index findings in patients with primary knee osteoarthritis (KOA). Methods: Between August 2015 and October 2017, 50 patients with a mean age of 46.72 ± 9.12 years who fulfilled the American College of Rheumatology (ACR) criteria for KOA were included. All the patients underwent a clinical assessment with the calculation of the WOMAC index, and they underwent knee US examination and conventional radiography (CR). Spearman's rho was used to assess the association between MSK US findings and the WOMAC index. Results: The mean pain score was 10.08 ± 2.89, stiffness was 3.34 ± 1.72, physical function was 26.26 ± 9.6, and the total WOMAC score was 39.68 ± 12.83. Forty-seven knees showed radiographic femorotibial degenerative signs. The mean thicknesses of the ultrasound-measured articular cartilage of the medial condyle (MC), intercondylar notch area (IA), and lateral condyle (LC) were 0.23 ± 0.60 cm, 0.33 ± 0.69 cm, and 0.30 ± 0.81 cm, respectively. The US findings also included suprapatellar joint effusion (50%), medial meniscal extrusion (40%), and osteophytes (70%). A positive correlation was found between the mean articular cartilage thickness of the IA, mean pain score, and stiffness subclasses of the WOMAC score (r = 0.342, p = 0.015; r = 0.414, p = 0.003), respectively. Conclusions: The severity of KOA, based on articular cartilage thickness, showed good correlation with the pain and stiffness subclasses of the WOMAC score.
dysfunction and symptoms, the Western Ontario and McMaster Universities (WOMAC) osteoarthritis index is widely used in clinical studies to assess the outcomes of patients with osteoarthritis. The WOMAC comprises 24 questions covering the pain, stiffness, and physical functioning of the joint [6] [7] [8] [9] .
Traditionally, OA structural changes have been assessed with plain anteroposterior weight-bearing radiography. Conventional radiographic assessment of KOA relies mainly on the evaluation of both osteophytes and joint space narrowing [10] . The severity of radiographic OA can be estimated by the widely used Kellgren-Lawrence grading classification. The main disadvantage of plain radiography is its lack of soft tissue depiction [11, 12] .
Magnetic resonance imaging (MRI) has a role in the assessment of the knee OA as it allows direct assessment of the articular cartilage, but it is not widely available [13] [14] [15] . Musculoskeletal ultrasound (MSK US) is a well-established imaging modality for the evaluation of different musculoskeletal abnormalities, such as rheumatic diseases, soft tissue lesions, and joint problems [16] [17] [18] . But it has been applied to OA less frequently as reported by the European Society of Musculoskeletal Radiology (ESSR) consensus who reported that ultrasound examination for KOA was included with an evidence level of B and indication grade of 1 (if other imaging techniques are not appropriate) [19] .
Nowadays, MSK US has acquired an increasing role in the assessment of joint and periarticular abnormalities in OA. It can depict inflammatory and structural changes at different peripheral joint sites, and it is helpful for guiding local procedures that can be easily and safely performed with optimal patient tolerance. MSK US is a feasible imaging modality that has become a bedside procedure in clinical rheumatology practice, thus filling the gap between clinical and radiographic evaluations of patients with OA [20] . Although there is increasing evidence of the validity of MSK US for detecting structural pathology in inflammatory arthritis, more work is required to develop standardized definitions of pathology and demonstrate the validity of ultrasonography in osteoarthritis [21] , and standardization of the scanning procedures is an important requisite for skilled and safe use [22] .
The aim of this work was to evaluate the correlation between MSK US and the WOMAC osteoarthritis index findings in patients with primary knee osteoarthritis.
Methods

Patients
Between August 2015 and October 2017, a cross-sectional study was conducted on 50 patients who had primary knee OA and fulfilled the American College of Rheumatology (ACR) criteria for knee OA at least three out of six of the following criteria: age > 50 years, morning stiffness < 30 min, crepitus, bony tenderness, bony enlargement, and no palpable warmth [23] . Exclusion criteria included secondary OA, history of previous knee surgery, and intra-articular injection of corticosteroids or hyaluronic acid. The patients were recruited from rheumatology and rehabilitation outpatient clinics. All patients underwent a clinical assessment and calculation of the WOMAC index by one rheumatologist. All the included patients underwent plain anteroposterior weight-bearing radiographs of the knees and MSK US of the more symptomatic knee in the Diagnostic Radiology Department. Informed consent was obtained from all patients, and the approval of the ethics committee was obtained.
Clinical examination
All patients underwent a clinical assessment by a rheumatologist and calculation of the WOMAC index for the more symptomatic knee. Symptomatic OA is generally defined by the presence of pain, aching or stiffness in a joint with radiographic OA corresponding to Kellgren-Lawrence scale grade of ≥ 2 [24] .
The WOMAC index for each patient was calculated based on the Likert version. The index is divided into three subscales [25] [26] [27] :
Pain (five items): during walking; using stairs; in bed, sitting, or lying; and standing upright Stiffness (two items): after first waking and later in the day Physical function (17 items): using stairs, rising from sitting, standing, bending, walking, getting in/out of a car, shopping, putting on/taking off socks, rising from bed, lying in bed, getting in/out of bath, sitting, getting on/off toilet, heavy domestic duties, light domestic duties
The Likert version of the WOMAC is assigned a numerical score of 0-4 corresponding to severity (none, mild, moderate, severe, and extreme). The minimum score is 0, and the maximum score is 96 (20 points for pain, 8 points for joint stiffness, and 68 points for physical function) [5] .
Ultrasound examination
MSK US of the most affected knee was performed by two radiologists with 15 and 6 years of experience in MSK US, respectively, who were blinded to the clinical presentation and WOMAC indexes of the patients. All ultrasound assessments were gray-scale imaging performed using a high-frequency 10-to 12-MHz linear transducer (LOGIQ 5, GE Healthcare). The patient was placed in the supine position and scanned in the anterior suprapatellar transverse plane immediately above the patella with 90°flexion of the knee [28] . The thickness of the femoral articular cartilage was measured at the midportion of the medial (MC) and lateral (LC) femoral condyles and at the intercondylar notch area (sulcus) (IA). The cartilage thickness was measured in centimeters (cm) as the distance between the thin hyperechoic line at the synovial space/cartilage interface and the sharp hyperechoic line at the cartilage-bone interface [29] . All measurements were performed by both radiologists, and the one value was performed in consensus for the study.
In addition, the joint was scanned in the anterior longitudinal and transverse planes according to the European League Against Rheumatism (EULAR) [30] and OMERACT guidelines for knee ultrasound [31] . Image analysis was performed for the following:
1-Osteophytes were defined as elevated step-up bony fragments close to the joint space 2-Effusion appeared as a ≥ 4-mm anechoic intraarticular area in the suprapatellar recess that was displaceable and compressible on the longitudinal scan with full extension. It is graded into minimal, mild, and severe 3-Synovial hypertrophy appeared as hypoechoic intraarticular tissue ≥ 2 mm in the suprapatellar recess with full extension that was not displaceable and was poorly compressible 4-Baker's cyst appeared as an anechoic area between the semimembranosus and medial gastrocnemius tendon when the patient was evaluated in a prone position 5-Meniscal protrusion out of the joint space > 3 mm from the joint line was evaluated at the medial joint space with the knee in full extension on the longitudinal scan
X-ray interpretation
All the included patients underwent plain anteroposterior weight-bearing radiography of the more affected knee. The knee radiographs were read by another radiologist who was blinded to the clinical presentation, WOMAC index, and ultrasound findings. The radiographs were evaluated according to the KellgrenLawrence (K-L) grading system [11] . The original definitions of the K-L scale were used as follows: grade 0-no pathological features; grade 1-doubtful narrowing of joint space and possible osteophytic lipping; grade-2, definite osteophytes and possible narrowing of joint space; grade 3-moderate multiple osteophytes, definite narrowing of joint space and some sclerosis and possible deformity of bony ends; grade 4-large osteophytes, marked narrowing of joint space, severe sclerosis, and definite deformity of bone ends [11] .
Statistical analysis
The statistical analysis was performed using the Statistical Package for Social Science version 16 (SPSS, Inc., Chicago, IL, USA). The data were described as percentages for nominal variables and mean ± standard deviation for continuous variables. The normal distribution of continuous variables was tested using the Kolmogorov-Smirnov test. Student's t test was used to compare normally distributed data, and the Mann-Whitney U test was used to compare non-normally distributed data. The χ 2 test was used to compare categorical variables. Spearman's correlation coefficients were used to analyze the association between clinical and US findings. Statistical significance was set at p < 0.05.
Results
Demographic data
The included patients comprised 30 females and 20 males, and their ages ranged from 27 to 62 years with a mean age of 46.72 ± 9.12 years. The male-to-female ratio was 2:3, and the predominant age group was 40-45 years. Their mean BMI was 32.64 ± 5.14 g/m 2 . The patients' demographic data are summarized in Table 1 and Table 2 .
WOMAC index
For the 50 studied patients, pain scores ranged from 4 to 16, stiffness scores ranged from 0 to 6, physical function ranged from 2 to 46, and the total score ranged from 10 to 67.
Knee MSK US results
The mean thicknesses of the articular cartilage of the MC, IA, and LC were 0.23 ± 0.60 (range 0.12-0.37) cm, 0.33 ± 0.69 (range 0.17-0.47) cm, and 0.30 ± 0.81 (range 0.17-0.59) cm, respectively (Fig. 1) .
No significant difference was found between men and women regarding the thickness of femoral condyle articular cartilage (p > 0.05). No correlation was found between the BMI and thickness of articular cartilage (p > 0.05; Table 3 ).
Other US findings were effusion (n = 25, 50%), synovitis (n = 4, 8%), osteophytes (n = 35, 70%), medial meniscal extrusion (n = 20, 40%), and Baker's cyst (n = 13, 26%) ( Figs. 1 and 2 ).
Plain radiographs of knees
Forty-seven knees showed radiographic femorotibial degenerative signs represented as grade 0 (n = 3, 6%), grade 1(n = 2, 4%), grade 2 (n = 35, 70%), and grade 3 (n = 10, 20%) (Fig. 1) .
Association between WOMAC index and MSK US findings and K-L grading
A moderate positive linear correlation was found among the total pain and stiffness subclasses and total score of WOMAC index and thickness of IA (r = 0.342, p = 0.015; r = 0.414, p = 0.003; and r = 0.322, p = 0.022, respectively) (Fig. 3) . No correlation was found among the WOMAC subclasses and the thickness of MC and LC (p > 0.05), as shown in Table 3 .
Regarding gender, the total pain subclass of the WOMAC index had a significant association with the thickness of IA in men (r = 0.540, p = 0.014), but the total stiffness subclass of the WOMAC index showed a significant association with the thickness of IA in women (r = 0.456, p = 0.011). No association between the WOMAC subclasses and K-L grading was found. A statistically significant negative association between the MC thickness and K-L grading (r = − 0.353, p = 0.012) was observed.
There was a statistically significant difference in the total pain score subclass of the WOMAC index between the different degree of effusion, χ 2 (2) = 4.579, p = 0.032, with a mean rank pain score of 13.66 for minimal effusion, and 23.38 for moderate/severe effusion.
Discussion
Knee osteoarthritis (KOA) is a prevalent musculoskeletal disease that usually causes pain and disability [32] . In the current work, the study population was predominantly females, the highest frequency age group was between 40 and 45 years, and 70% of the patients had grade 2 OA changes according to the K-L grading. Their mean BMI was 32.64 ± 5.14 g/m 2 . According to the results of Kaban et al. [33] , the loss of cartilage thickness during the premenopausal period continues in postmenopausal women with OA. Furthermore; previous studies [34] reported that obesity was one of a robust risk factor for KOA.
In the current study, a positive linear correlation was found among the total pain and stiffness subclasses of the WOMAC index and the thickness of the IA, similar to that reported in the study by Malas et al. [35] . The literature suggests that this association can be explained by pathological changes affecting synovial tissue or subchondral bone or both, which may have an important role in the pain and functional impairment associated with a clinical flare-up of OA [36] .
A good correlation between ultrasound and clinical findings regarding synovial inflammation and the progression of structural damage has been suggested by Chen et al. [37] and Razek and El-Basyouni [38] as patients with cartilage changes, osteophytes, and synovial thickening have a higher WOMAC index and present with worse clinical symptoms. Additionally, Chen et al. found a positive linear association between ultrasound grading and the total score/pain subscale of the WOMAC [37] . The large, cross-sectional, multinational EULAR study [30] demonstrated that synovial inflammation (either synovial hypertrophy or effusion) was very common and much more frequently detected with the US than by clinical examination (47% vs. 30%); this finding is similar to those of the current work (58% vs. 16%).
In addition, our results supported Abd El Monaem et al. [39] and Cubukcu et al. [40] , who reported that WOMAC scores were not related to the K-L grading scale. Conversely, previously published data have shown some contradictory results; examples include Serban et al. [41] , who stated that the K-L score showed a good 
correlation with the pain subclass of the WOMAC. However, a significant inverse link between MC thickness and K-L score was found in the current work. Joint space narrowing is a primary feature of conventional radiography. Relevant studies have suggested a moderate correlation between radiographic joint space narrowing and loss of the articular cartilage [35] . In contrast, Kaban et al. [33] reported no statistically significant difference in terms of the mean cartilage thickness between the K-L radiological grades (p > 0.05). In contrast, another study has reported that joint space narrowing is secondary to meniscal bulging rather than loss of hyaline cartilage [42] . This agreed with our study, as 40% of our patients had medial meniscal extrusion. This was supported by Bruyn et al.'s [43] study which stated that the medial meniscal extrusion is considered a signature feature of knee OA explained it by its close relationship with the medial collateral ligament. This was similar to the findings of Bevers et al. [44] study.
Moreover, our results agreed with previous observations that showed a decreased volume of the medial compartment of the knee when compared to the lateral compartment in patients with KOA [43] [44] [45] [46] .
The results of the current study are consistent with those of Abd El Monaem et al. [39] , who reported that the mean thicknesses of the lateral and medial femoral cartilage were 2.0 ± 0.3 mm and 1.9 ± 0.3 mm, respectively. Additionally, Naredo et al. [47] concluded that MSK US is a reproducible imaging tool for measuring femoral articular cartilage thickness in normal and moderately damaged knee joint cartilage. The thinner medial tibiofemoral and patellofemoral articular cartilages have been hypothesized to demonstrate an adaptive response to the higher pressure placed on this area during normal everyday weightbearing activities, such as standing and walking [48] .
The current study had some limitations. First, the small sample was taken from a single center. Second, we only examined meniscal subluxation at the level of the medial collateral ligament (MCL) in the supine position. Third, we evaluated the global level of pain and its relation to the thickness of femoral articular cartilage, but we did not focus on specific physical activities. Finally, Fig. 3 Relationship between pain and the total WOMAC scores and IA thickness with technical errors, by keeping the knee in full flexion, it is possible to expose significant portions of the weight-bearing surface of the femoral articular cartilage. The main flaw of the MSK US was a limited acoustic window to visualize the articular cartilage owing to the inability of the US beam to penetrate the bony cortex as reported by Moller et al. [49] .
Conclusion
In conclusion, MSK US is a non-invasive, widely available, and inexpensive technique. It can be performed promptly and is a radiation-free diagnostic test. In addition, MSK US is a reliable method for identifying knee effusion/synovitis, osteophytes, medial meniscal protrusion, Backer's cyst, and early structural change. A moderate correlation was observed between knee MSK US and WOMAC index subclasses. 
